The axilla is often included on mammography, ultrasound (US), CT and MRI. Axillary masses can arise from any of the tissue components present in this region including breast parenchyma. Aetiologies include: lymphadenopathy due to inflammation, malignancy and degenerative causes; soft tissue tumours such as haemangioma, lymphangioma, peripheral nerve sheath tumours and lipomas; post-surgical complications such as seroma, lymphocoele and haematoma; lesions arising in accessory breast tissue such as fibroadenoma and carcinoma. Some of these entities have distinctive imaging appearances knowledge of which can be helpful in suggesting the correct diagnosis.
Introduction
The axilla is often included on routine imaging studies and detection of masses in this region is not uncommon. To offer a differential diagnosis, radiologists need to be aware of the range of conditions that may occur. Some lesions have distinctive imaging appearances, and this knowledge may be helpful in reaching the correct diagnosis.
Anatomy and contents of the Axilla
The axilla is a pyramidal shaped compartment located between the arm and the chest wall, and contains fibroadipose tissue, axillary artery and vein, brachial plexus, axillary lymph nodes (LN) and associated lymphatics (Fig. 1) . The tissue of origin, underlying pathology and relative incidence of axillary lesions are summarised in Table 1 .
Masses arising from lymph nodes (lymphadenopathy)
Lymphadenopathy accounts for >80% of axillary masses. [1] [2] [3] Axillary LN can be divided into three levels based on their relationship with the pectoralis minor muscle. Level 1 LN lie inferolateral to the pectoralis minor muscle, Level 2 lie posterior, and Level 3 lie superomedial to the muscle (also known as infraclavicular LN). This classification is useful for clinical and radiological staging of the axilla. Breast cancer metastases tend to first involve level 1 LN and then levels 2 and 3 in a stepwise fashion. How this affects the American Joint Committee on Cancer (AJCC) Tumour, Node, Metastasis (TNM) stage is beyond the scope of this article and has been reviewed by Lee et al. 8 Level 1 and 2 LN are readily accessible to US evaluation, and whilst operator dependent, US can be moderately sensitive and highly specific for the detection of non-palpable LN metastases. 9 The role of US in the post Z0011 era is controversial, but rather than using it to detect subclinical LN involvement as an indicator for axillary lymph node dissection, its role may be to help to exclude N2 or N3 disease, thereby minimising unnecessary axillary surgery. 9 
Infective and reactive lymphadenopathy
Reactive changes in LN can be caused by local skin and soft tissue infections as well as systemic infections such as HIV, syphilis, toxoplasmosis, brucellosis, CMV, histoplasmosis and tuberculosis. Inorganic dusts such as silica and coal can also enlarge LN. On mammography, reactive LN are usually >10 mm in length with increased On CT, similar to ultrasound, reactive LN are usually oval shaped or elongated, have a preserved central hypodense fatty hilum, smooth margins, homogenous density and demonstrate concentric cortical thickening.
On MRI, the cortex has low signal intensity in T1 weighted images, intermediate-high signal intensity on T2 weighted images, and enhances avidly and homogenously post contrast. The fatty hilum demonstrates increased intensity in non-fat saturation sequences. 9 Tuberculosis is an uncommon cause of lymphadenopathy in the developed world and axillary LN are infrequently involved (8%). 13 On mammography, matted dense LN are seen with increased perinodal density due to inflammation. Coarse calcification may also be seen. 14 Ultrasound features include: internal echoes corresponding to calcification or hyalinosis in caseous necrosis; a peripheral halo from soft tissue oedema; matting and irregular margins due to periadenitis; hypoechoic centre with posterior enhancement reflecting central cystic necrosis; rounded shape. Doppler ultrasound frequently shows displacement of hilar vessels and 30% have an absent hilum due to necrotising granulomatous inflammation or fibrosis. Capsular or mixed capsular and hilar vascularity is found in approximately 30% of LN, a feature also seen in malignant LN (Fig. 2) . 10, 11 There are no characteristic features to differentiate different causes of infective and reactive lymphadenopathy. However, calcification may be a feature of silicosis, and TB may have characteristic features as described above. The commonest cause of unilateral reactive lymphadenopathy includes infected skin lesion, or mastitis or breast abscess in females. 15 Relevant history may help with diagnosis.
Metastatic disease
Metastatic disease represents the most common cause of lymphadenopathy. LN metastases may develop from primary malignancies originating from the breast, lung, head and neck, stomach, ovary or ipsilateral arm. Lymphatic drainage to the axillary LN from breast cancer tends to occur in a step-wise manner from Level I to level III. This is the principle of sentinel LN biopsies for breast cancer. If axillary LN are affected, involvement of the level I LN occurs in 95% of cases and is an indicator of the status of the entire lymph node chain. 9 Mammographically, the affected LN appear dense and rounded with irregular or spiculated borders and absent hilar fat. Microcalcifications may occur in breast, thyroid and ovarian cancer (Fig. 3a) . 1 However, in addition to malignancy, calcification may also be a feature of amyloidosis, rheumatoid arthritis and granulomatous disease including sarcoidosis and TB. 16 Early sonographic appearance of nodes containing metastases may be nonspecific. Features that raise suspicion include cortical thickness >2.5-3 mm, or abnormal morphologic characteristics including cortex to hilum ratio >1 or LSR <2. 17 The LN may show sharp borders due to increased acoustic impedance from replacement of normal lymphoid tissue or irregular margins and eccentric cortical hypertrophy denoting intranodal tumour infiltration and extranodal spread. 18 With more advanced disease, hilar obliteration is common (86%) (Fig. 3b) . These LN are usually hypoechoic and may undergo cystic necrosis with development of an echolucent focus especially in squamous cell carcinoma, or less commonly coagulative necrosis with development of an echogenic focus (Fig. 3c ). Internal echoes are uncommon (11%) and peripheral haloes are seen in approximately 50% of cases. 10 On Doppler evaluation, peripheral vascularity and the presence of trans-capsular flow due to tumour neo-angiogenesis are highly suggestive of malignancy. 10, 19 The multiplanar nature of CT and MRI is helpful in assessing the anatomic level of abnormal axillary LN. Findings suggestive of metastatic disease are similar to those on ultrasound and include LSR <2, eccentric cortical lobulation, and obliteration of the fatty hilum. 20, 21 Extranodal extension of tumour denoting extracapsular growth of tumour cells, and spread into the extra-nodal axillary fat is prognostically significant. On CT and MRI, the cortical margin of the LN may show irregularity or a spiculated appearance. Perinodal oedema is a specific sign of extranodal extension and appears as a hyperechoic halo around the LN on US, blurring of the LN margins on CT, and on MRI is represented as areas on T2 hyperintensity in the perinodal fat on MRI. 9, 22 On MRI, LN containing metastases typically demonstrate heterogeneous enhancement. Diffuse enhancement may occur with total replacement of the LN by tumour. On dynamic contrast enhanced MRI, malignant LN show rapid enhancement in comparison with benign LN. 23 While size cannot be used to accurately predict the benign versus malignant status of an axillary LN, (a normal sized LN may contain microscopic metastasis), a short axis diameter >10 mm has high specificity for malignant involvement. 20 
Lymphoma
Lymphomas are tumours arising in the reticuloendothelial and lymphatic systems and may be localised or disseminated, frequently involving the axilla. Axillary lymphadenopathy occurs in approximately 30%, and is the initial manifestation of lymphoma in 9% of cases. 24, 25 Non Hodgkin's lymphoma more commonly affects the axilla. 26 Involved LN are usually enlarged (short axis diameter greater than 10 mm) and present as a well defined, homogenously hyperdense mass on mammography. 1 Ultrasound shows well defined, rounded and hypoechoic LN, usually with a preserved echogenic hilum (absent in only 28%). Reticulation producing a micronodular echo pattern is commonly encountered. Perinodal oedema and intranodal calcification are uncommon. Calcification before therapy in mediastinal LN is uncommon (<1%), and denotes more aggressive disease. However, post therapy, calcification is more common (2-8%). 27 Lymphomatous LN have a high incidence of mixed hilar and peripheral vascularity, compared to peripheral vascularity alone as seen in other pathologies or hilar vascularity predominant in normal or reactive LN.
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Connective tissue disorders
Lymphadenopathy can be a feature of connective tissue diseases including rheumatoid arthritis, SLE, systemic sclerosis, psoriasis, scleroderma and dermatomyositis.
In rheumatoid disease, mammography may show intranodal microcalcifications. Ultrasound features include enlargement of the hypoechoic cortical region and an increase in short axis measurement (from a mean 0.56 cm to 0.8 cm). 28 Other features include increased hilar signal on power Doppler, and extension of vascularity to the subcapsular rim, and these morphological and vascular flow changes are associated with disease activity. Focal cortical lobulation or the absence of hilum is not observed with rheumatoid nodes. 28 
Sarcoidosis
Sarcoidosis is a multisystemic inflammatory condition characterised by non-caseating granulomas, primarily within the lungs and hilar LN, but also seen in axillary LN and other LN. On mammography the LN may appear calcified. Ultrasound commonly demonstrates hypoechoic, oval or round LN with distinct margins and a homogenous echotexture.
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CT findings are nonspecific. Extrathoracic lymphadenopathy is usually without calcifications. 30 
Foreign body granulomatous inflammation
Lymphadenopathy may occur following extracapsular rupture of silicone implants or in association with microscopic leak through an intact envelope ('gel bleed'). Silicone is transported to regional LN by macrophages and induces a granulomatous reaction. On mammography, LN appear enlarged and radiodense (Fig. 4a) . 31 Ultrasound shows a classic 'snowstorm' appearance with a highly echogenic pattern of scattered and reverberating echoes, a well-defined anterior margin and loss of detail posteriorly due to acoustic shadowing from the high attenuation of the US beam by the silicone (Fig. 4b) . 31 Silicone has a similar density to soft tissues on CT, and therefore appears as an enlarged soft tissue density mass. 32 On MRI, free silicone appears as foci of low signal intensity on fat supressed T1 sequences, and high signal intensity on water supressed silicone excited STIR sequences. 31 
Amyloidosis
Amyloidosis represents a heterogeneous group of protein misfolding disorders and is characterised by deposition of fibrils in extracellular tissues. The two major forms are primary (AL) and secondary (AA) amyloidosis. Deposition in the LN can lead to lymphadenopathy, however, lymphadenopathy is uncommon in the setting of amyloidosis, being present in only 20% of cases. 33, 34 Lymphadenopathy as a presenting feature of amyloidosis is very rare (2% of cases). 35 The affected lymph nodes are usually in the lung hilum, mediastinum, axilla, neck, retroperitoneum and inguinal region (Fig. 5 ). On CT, involved LN may appear calcified with punctate calcifications. 34, 36 Contrast enhancement may also be observed in amyloid lymphadenopathy.
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Masses arising from other components of the axilla
Accessory breast tissue
Residual breast tissue in the axilla results from failure of regression of primitive mammary tissue along the embryonic milk line and consists of glandular and/or fibrous elements. A palpable mass may develop with hormonal stimulation during menarche, pregnancy or lactation. On mammography and ultrasound this appears as an area of normal appearing fibroglandular tissue. 22 Any disease arising in breast parenchyma can arise in the accessory breast tissue, including benign and malignant neoplasia, and infective and inflammatory disease.
Lymphangioma
Lymphangiomas are rare neoplasms most commonly encountered in young children and usually involve the neck (75%) or axilla (20%), but may also extend into the chest wall or mediastinum. 38 The aetiology is related to malformation of the lymphatic system with inadequate lymphatic drainage into the venous system. 38 On ultrasound, lymphangiomas appear as a well defined cystic multilocular or septate mass that may have low-level internal echoes representing internal haemorrhage or proteinaceous content. 39 Absence of blood flow on colour Doppler helps distinguish lymphangiomas from hemangiomas. On CT, they appear as fluid density masses, and may appear heterogeneous due to the presence of blood and protein. MRI shows a homogeneous high signal intensity mass on T2 weighted sequences and may help to define the anatomy and extent of the lesion.
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Haemangioma
Haemangiomas are common benign endothelial tumours. They may contain nonvascular elements including fat, smooth muscle, fibrous tissue, bone, haemosiderin and thrombus and present most commonly in young patients in the craniofacial region (60%), trunk (25%) or extremities (15%). 42 Sonographic findings are of a superficial, lobulated, well circumscribed ovoid mass that is predominantly hypoechoic but can have variable internal echogenicity. Areas of calcification (phleboliths) may be seen, suggesting the diagnosis and high vascularity may be evident on doppler. 43 Similarly, mammography shows a superficial lobular mass which may contain calcifications. On CT, it appears as an ill-defined mass isoattenuating to muscle, with significant enhancement post contrast. 44 MRI findings depend on the presence of thrombosis but haemangiomas usually appear isodense on T1 weighed images with delayed central enhancement post contrast indicating slow flow within. 43 
Schwannoma
A schwannoma is a benign peripheral nerve sheath neoplasm arising from Schwann cells. It presents as a painless, slow growing mass and is most common in patients 20-40 years of age, usually involving the extremities, spinal and sympathetic nerve roots of the head and neck. It is encapsulated and eccentrically located adjacent to the parent nerve. Large schwannomas undergo degenerative changes including cyst formation, haemorrhage, calcification and fibrosis. On mammography, schwannomas present as a lobulated, well circumscribed density and on ultrasound as a well-defined oval, homogenous, hypoechoic mass with posterior enhancement (Fig. 6a) . 40, 45 With degeneration, a heterogenous mixed hyper-and hypoechoic mass may be seen. 45 Collagen deposits may cause a coarse echo texture or as focal increased echogenicity. 45 The presence of an echogenic ring within the mass is pathognomonic but is rarely seen, however, an echogenic capsule is common. 45 MRI is the imaging modality of choice, optimally displaying soft tissue characteristics and anatomical relationships in multiple planes. 46 weighed images, schwannomas appear homogenously hyperintense and demonstrate a characteristic 'Target Sign' with low signal intensity in the centre corresponding to fibrous tissue or a 'fascicular sign' with multiple small hypo-intense foci on T2 weighed images corresponding to fascicular bundles. 46, 47 A heterogenous appearance is often seen due to degenerative and cystic change (Fig. 6b) . 46, 47 Although CT has lower contrast resolution to MRI, appearances of a schwannoma include a fusiform, well-defined low attenuation lesion with higher central attenuation, which may exhibit contrast enhancement. 47 
Lipoma
Lipomas are common benign tumours composed of adipocytes and present as well circumscribed masses of fat divided into lobules by thin connective tissue septa. Blood vessels or muscle fibres may be prominent. 48 They usually arise in the superficial subcutaneous tissue but can rarely occur in deeper tissues, or infiltrate through muscle. Lipomas appear as a region of low density on mammography, and associated calcification is seen in 11%. 48 Echogenicity is variable on ultrasound and a capsule is difficult to distinguish. As expected, CT demonstrates attenuation values of À90 to À120 Hounsfield units. On MRI there is high signal on T1, low signal on T2 FS sequences and minimal contrast enhancement. Atypical features suggestive of liposarcoma on MRI include a poorly defined mass, a heterogenous appearance, and presence of variable contrast enhancement on both CT and MRI. 48 
Miscellaneous disorders Post traumatic or surgical procedures
Trauma or surgery can result in localised collections of serous fluid (seromas), lymphatic fluid (lymphocoeles) or blood (haematomas).
On mammography, a seroma or lymphocoele may appear as an irregular water density mass with ill- defined margins when soft and compressible and higher density with circumscribed margins when tense. 22 On sonography, it may appear anechoic, or have diffuse low level internal echogenicity, with multiple echogenic or isoechoic septations. 22 On MRI, they appear non-enhancing, well defined, homogenous signal intensity, multiseptated cystic mass, that is, hyper-intense on T2WI and hypointense in T1WI. 49 The appearances of a haematoma on sonography evolve with age: anechoic when hyperacute and hypoechoic with low level heterogenous internal echotexture when acute. Clotted blood may form an echogenic debris level. Subacute haematomas can progress to an irregularly marginated cystic mass with thickened hyperechoic walls and internal septations. Chronic haematomas are usually hypoechoic with thick irregular walls, internal septations and enhanced through transmission, but may appear solid. 22 Similarly on MR, the appearance of a haematoma may be variable depending on the age. When acute, it appears isointense on T1, and variable intensity on T2. Subacute to chronic haematoma are hyper intense on both T1 and T2. 49 Fat necrosis is a benign condition which most commonly occurs as a result of trauma, and may be evident on mammography as a spiculated mass, lipid filled cyst or calcification. Ultrasound demonstrates a solid or complex cystic lesion. The presence of internal echogenic bands is highly specific for fat necrosis. On MR, the appearance depends on the degree of fat necrosis, fibrosis or inflammatory reaction. It usually appears hypointense on T1 weighted images, and may exhibit homogenous or heterogenous enhancement post contrast.
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Abscess
Abscess formation in the axilla may occur following local trauma, obstruction of sweat or sebaceous glands, infection of hair follicles or within LN due to bacterial or tuberculosis lymphadenitis. On mammography, an abscess appears as a dense, ill-defined mass. 53 Sonographic features include a hypoechoic fluid collection with a distinct hyperechoic wall, internal echogenic debris or multiple internal loculations and posterior acoustic enhancement. 53 Doppler may show flow in the wall.
Approach to axillary masses
A flow-chart showing an approach to the investigation of an axillary mass is given in Fig. 7 .
If features consistent with a benign aetiology are not identified, percutaneous biopsy with fine needle or core biopsy (CB) is recommended. The decision as to whether a fine needle aspiration (FNA) or core biopsy should be performed will depend on the relevant history, the likely diagnosis based on imaging features, and technical factors such as the ease of lesion visualisation/access and skills of the operator. Given that the sensitivity of these techniques does not appear to be significantly different, this choice should be based on technical factors such as degree of procedural difficulty (LN accessibility, depth and proximity of vital structures), the skill of the operator and availability of a skilled cytopathologist. 54 Where fine needle sampling is chosen, the capillary action (fineneedle capillary cytology (FNCC)) rather than aspiration (fine-needle aspiration cytology (FNAC)) technique may provide better quality samples. 55 The suspected underlying pathology may also influence choice of technique. For the diagnosis of TB, cystic lesions, abscesses and seromas, aspiration with a fine needle will usually provide sufficient material. Investigations for lymphoma should include flow cytometry which can identify a malignant clonal lymphoid proliferation. While this can be performed on a FNA, core biopsies provide more material that can be used for ancillary studies which can more definitively classify the type of lymphoma. The core biopsies should not be fixed in formalin but must be sent immediately to pathology with a request for lymphoma studies. They may be placed on sterile paper (from the procedure pack), moistened with sterile saline to prevent drying. If there is any delay, one or two small cores should be put into refrigerated Roswell Park Memorial Institute (RPMI) tissue preservative and the remaining cores fixed in formalin.
For core biopsy, use of devices that allow 'open trough' placement of the needle within the lesion before sampling are suggested, as this may help minimise the risk of complications due to injury of adjacent structures (e.g. neurovascular bundle, lung and pleura). For difficult to visualise and/or deeply situated lesions, FNA may be a safer choice.
If the mass does not have characteristic features of a lymph node, and particularly if large, further imaging with CT or MRI may assist with identifying the organ of origin and further characterisation. MRI can help show pathognomonic features of neural tumours, thereby preventing the need for a needle biopsy, which may be associated with intense pain. 46 In some centres, the results of the Z0011 trial have changed the approach to preoperative needle biopsy of axillary LN in breast cancer patients. Pre-Z0011, the aim was to try and detect even subtle evidence of metastatic disease, and if the LN were positive, full axillary dissection was performed. The results of Z0011 showed that women with minimal axillary nodal disease who only had sentinel node biopsy (SNB) did as well as those whose SNB was positive and who had a full axillary dissection. This has made some centres reluctant to biopsy axillary LN unless there are suspicious findings, as a positive biopsy result in the presence of subtle changes may preclude an otherwise eligible patient from undergoing the post Z0011 treatment algorithm (sentinel node biopsy rather than full axillary dissection). 56, 57 The decision as to whether or not to perform pre-operative needle biopsy in this clinical setting will therefore depend on the local policy of the treating multidisciplinary team.
Conclusion
The axilla is often visualised with mammography and ultrasound. This review discusses the range of lesions that may occur, outlining some common pathologies and those with distinctive imaging appearances. Knowledge of these imaging features may help the radiologist to narrow the differential diagnosis.
